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The M61 History
Project Vulcan: 1949 - 1959

Section 2-2
Design Considerations

This sectlon describ SW t|ﬂf| 3'1-
designing the weapan
categorized as follow .

oy |BOIL Assembly :
Sty Section  3-3.

Bl Rotar Assembly

Reliability has been

PROIJECT
VULCAN

Reliahility has been
of Project Vulcan.
been concerned with
the gun, eliminating
fires, and etermininl £

Examples of design chy
led to high relianility
of thls re The

~  FMAL SUMMARY REPORT

FINAL SUMMARY REPORT, ln“ B VULCAM
ME1(TI7IE3) AND TITIEZ .

. The

which describes the
of the design

‘made to eltminate pos|

DERARTMENT OF ARMY [__L T
Bolt Assy
Pin, sprin|
Block, loc]
Shatt, bolt
Stop, conts
Pin, cam
Pin, firing]
Barrels
Muzzle Clamy

QRDMANCE CORPS RATL
BOSTON  QRDMANGE DISTRICT

T
P s 1 r

sua-ca-one
MISSILE AND SPACE VEHICLE Of l

Ll R
COMTROT =
! ]

Contact caf

GENERAL 3 EL

E | 4 MISILE FRODUCTION SECTION, BURLIN
Figuie 1. P B " .8 @ K
btk FEFIER BmaT ¢
- Bossiag Awa'y T jrarias Bl Asmamiiling
Raooer Aan'y s Barral C -
i Reasdl Adapbers
75 Firisg Comtaet
7 Ky

GENE L DYNAMICS 36th Gun & Ammunition Symposium & Exhibition
Armament Systems April 11, 2001



The Pressure Definition Problem m

® The M61 was designed before sophisticated
analytical techniques were common.

® Ammunition pressure measurement technology from
the 1930s & 40s did not provide an accurate peak
chamber pressure for minor caliber gun design.
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The M61 Reverse Engineering Program m

° Detallgd experimental and A
analytical look at the M61. LIMITATION Tes
Juane 2000

® USAF-funded through a USN
contract vehicle.

® First comprehensive look at 31 Nodel of Gam Asscmbly
the M61 in 30 years. Cotract NOV3E5-96.GA25G
General Dynamics Armamant Sysinms
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M61 Vulcan Firing Loads
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M61 Parts Life vs. Peak Chamber

Pressure Relationships

Life Prediction vs Chamber Pressure
Clean Rounds No wear on Lock Block
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The Next Step m

e With the results of the M61 Reverse Engineering
Study, we can finally generate a methodology to
answer the question:
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The Incorrect Way...
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The Correct Way m

® Assume a known distribution of pressures &
temperatures are fired.

® Assess the damage caused by each round.

® Estimate the number of rounds to failure.
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Step 1. Assume a Temperature

Distribution m

ROUNDS FIRED
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Step 2. Assume a Pressure
Distribution
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Step 3: Correct the Pressures for
Temperature Effects
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Step 4. Assess the Gun Damage m

® Mean pressure varied from 54,000 to 70,000 psi at
70°F

e Standard Deviation varied from 500 to 3,000 psi.
® Even temperature distribution from -65 to +160°F.

® Miner’'s Rule applied until failure is predicted.
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Step 5: Map the Predicted MRBF
Results For No Maintenance ik
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Step 6. Set the Limits to Maintain a
Desired Maintenance Interval  EPIR

D

o

2

@]

}_

<

S

L

[a)

&

< 2000 \
&)

Z

< i

2 3

4 8 »
5 1500 )
1) o
%) =3
i - 2 >
o 833 ®
o S o I
L

@ 1000 ~8 3
<§( 80 o
I = 3
O S %T @,

500 [ T T T T T T

54000 56000 58000 60000 62000 64000 66000 68000 70000
AVERAGE PEAK CHAMBER PRESSURE AT 70 DEG (PSI)

GENERAL DYNAMICS 36th Gun & Ammunition Symposium & Exhibition
Armament Systems April 11, 2001



Summary Points m

® Ammunition pressure limits are gun constraints and belong to
the weapon.

@ Analysis can be used as a basis to estimate the structural
response of the weapon to varying ammunition behavior.

e Realistic ammunition pressure limits can be derived that take
into account:

» Random ammunition effects
> Temperature effects
> Effects of aging
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